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Abstract
In the previous paper, we introduced a new method of gravitational waves (GW) detection[1].
In our proposal, we replaced usual Weber’s metallic bar with a cold electronic plasma. We obtained
a nonhomogenous differential equation for tangential electric field, Eφ, that on it GW is known as
nonhomogenous term. In this paper we estimate, the dimension of pipe, the electron density and
some other associated parameters for obtaining the best detection.
Proposed PACS numbers: 04.62.+v, 98.80.Cq, 12.10.Dm
1 Introduction
One of the two usual method to detect GW is the measurement of the length change in metallic bar
[2]. In the presence of GW the length of the bar will oscillate, then by measurement of the bars’s
length, we can indirectly find the amplitude of GW. In our previous paper [1], we used electronic
column instead of metallic bars. Figure-1 schematically shows or proposal.
The enclosed electrons rotate about external longitudinal magnetic field, simultaneously go back
and forth along the cylinder. At the end of the cylinder the electrons will be reflected and go back
into the cylinder. After the GW collide with this bar, some electrons will get enough energy and they
will pass through the potential barriers. In this paper, we determine some physical parameters of the
apparatus by considering the dynamics of the electrons. In section 2, we discuss the dynamics of the
enclosed electrons and with applying the two conditions, stability and the confinement of the electrons
in the pipe, we get a permissible region for the electrons in the n−B plane. In section 3, by considering
electromagnetic field due to GW, we estimate the strength of such perturbative electromagnetic field
and then get strength of other fields such as density and velocity fields. Then the order of electrons’s
perturbative energy will be obtained. Having these results, we adjust the potential barrier height to
confine the electron in the cylinder. At the end, we could be able to draw the perturbative energy in
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Figure 1: Enclosed cold electronic plasma in a long pipe. Two negative potential rings at the end of
the pipe create a potential barrier.
term of the colliding GW strength. Using these information we can infer at what strength of GW, our
apparatus will be able to detect GW.
2 Steady state dynamics of the confined electrons within the pipe,
without the GW
The confined electrons within the pipe rotate with the two following frequency [1]:
ω± =
ωc
2
[1± (1−
2ω2p
ω2c
)
1
2 ], (1)
where ωc =
eB0
mc
is the cyclotron frequency of pseudo-neutral plasma, ωp =
√
4pine2
m
the plasma fre-
quency, m the electron mass, n the electron density, c the speed of light, e the electron charge and
B0 the magnetic field. For obtaining a real ω±, we must have
2ω2
p
ω2
c
≤ 1. This is our first condition.
This condition physically means as follows. An electron inside the pipe suffers two forces; repulsion
force due to nonneutral nature of our electronic plasma and the magnetic centripetal force. Inequality
of
2ω2
p
ω2
c
≤ 1 states that magnetic restoring forces (as measured by ω2c ) must overcome electrostatic
repulsive forces (as measured byω2p), for radial confinement. If
2ω2
p
ω2
c
> 1 beam expands radially, which
is not an equilibrium state [3]. Replacing ωp and ωc in the condition
2ω2
p
ω2
c
≤ 1, we obtain the following
condition in the n−B plane:
n <
1
8pimnc2
B20 . (2)
Fig-2 shows this curve, in fact our desired region is the lower region of this curve.
Up to now, we obtained the first constrain on our parameters. Another condition must be satisfied
is the confinement condition, that means the electrons energy must be less than potential barrier
height. Then:
E =
1
2
mv2 =
1
2
mv2ϕ =
1
2
m(rω±)
2 ≤ e△ψ, (3)
where vϕ is the ϕ component of the velocity, ω± the angular frequency of the electrons, △ψ the
potential difference between rings and the body of cylinder. Replacing Eq. (1) in Eq. (3) and doing
some algebraic calculation, we obtain:
mω2c
8pie2
{1− [
√
2e△ϕ
m
(
2
rωc
)− 1]2} ≤ n. (4)
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Figure 2: Stability condition,
2ω2
p
ω2
c
≤ 1, is drown in n−B plane. Permissible region is the lower region
of this curve.
Fig-3 show this Eq. in the n−B plane.
So far we found that for confinement and stability conditions, solution region in the n− B plane
is the area between the two curves in Fig 2 and Fig 3. Now, we try to determine other parameters
of the system. Therefore, we must estimate the order of the explicit field in term of the order of the
GW field.
3 The order of perturbative electrons energy due to GW
As GW collide with our system, rotational motion of electron about longitudinal axis, will be perturbed
and a special electromagnetic field will be created. In our previous paper [1], we consider such a special
mode. We showed in that paper, the perturbed tangential electric field Eφ, satisfying the following
differential equation:
(
iω
c
+ f ′)Eφ +A
′′ ∂
∂r
(rEφ) + a
′M(r)
∂
∂r
(rEφ)− a
′N(r)Eφ
=
−c
iω + σc
∂
∂r
(
1
r
∂
∂r
(rEφ)) +
ikc
iω + σc
∂
∂r
(
M(r)
r
∂
∂r
(rEφ))−
ikc
iω + σc
∂
∂r
(
N(r)
r
Eφ)−
b′c
iω + σc
∂
∂r
(rEφ)
+
ikb′c
iω + σc
M(r)
∂
∂r
(rEφ)−
ikb′c
iω + σc
N(r)Eφ −
S′′c
iω + σc
∂
∂r
(r
∂
∂r
(rEφ))
+(g′ + 2G′′)rσ −
ikcσ
iω + σc
∂
∂r
(
L(r)
r
)−
ikb′cσ
iω + σc
L(r), (5)
where a, b, f , g, A, D, S, G, M(r), N(r) and L(r) are defined as follows:
a =
−eωr/m
(kωr − ω)2 − ω2r
, b =
−eω2r/mc
(kωr − ω)2 − ω2r
=
ωr
c
a, f =
i(kωr − ω)/m
(kωr − ω)2 − ω2r
, g =
i(kωr − ω)/e
(kωr − ω)2 − ω2r
ωr,
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Figure 3: Confinement condition, mω
2
c
8pie2{1−[
√
2e△ϕ
m
( 2
rωc
)−1]2} ≤ n, is drown in n−B plane. Permissible
region is the upper region of this curve.
A =
−e
mωr
+
(kωr − ω)
2
ωrm[(kωr − ω)2 − ω2r ]
, D =
i(kωr − ω)e/m
(kωr − ω)2 − ω2r
, S =
ieωr(kωr − ω)/mc
(kωr − ω)2 − ω2r
,
G = [
−e
mωr
+
(kωr − ω)
2
ωrm[(kωr − ω)2 − ω2r ]
]
mωr
e
= A
mωr
e
, (6)
M(r) = (
ik
r
− S′r)(
c
r(iω + σc)
)/R(r). N(r) = A′/R(r), L(r) = G′r/R(r),
R(r) ≡ (
−iω
c
+D′) + (
ik
r
− S′r)(
c
r(iω + σc)
) +
ik′2c
ω
. (7)
The primed and double primed quantity is defined as follow
A′ =
−4pien0
c
A, a′ = (
−4pien0
c
)(1 +
kωr
(ω − kωr)
)a, A′′ =
−4pieωrn0
ic(ω − kωr)
A. (8)
In the above expressions, k is the wave number along the z axis, k′ is the wave number along the φ
axis and σ is the amplitude of the shear tensor [4]. Having Eφ(r), Er(r) component can be obtained
from the following Equation [1]:
Er(r) =M(r)
∂
∂r
(rEφ(r))−N(r)Eφ(r)− L(r)σ. (9)
The magnetic field will be derived from Faraday law as follow:
Bφ =
ck′
ω
Er, (10)
Bz =
c
r(iω + σc)
(
∂
∂r
(rEφ)− ikEr). (11)
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Perturbative velocity field can be obtained from the continuum equation and force balance equation
as follow [1]:
vφ = aEr + brBz + fEφ + grσ, vr = AEφ +DEr + SrBz +Grσ. (12)
Finally the perturbative electron energy can be obtained as follow:
E = △(
1
2
mv)2 = m(v0φ△vφ + v0r△vr) = mvoφ△vφ, (13)
where v0φ = rω is the electron velocity before GW presence and △vφ is the perturbative velocity.
Now, we try to estimate the order of these fields. Assuming that the variation of the fields due to
radius is not so strong, then by Eq (5) we have:
o(Eφ) = {(g
′ +G′′)rσ −
ikcσ
iω + σc
∂
∂r
(
L
r
)−
ikb′cσL
iω + σc
}/{(
iω
c
+ f ′) +A′′ + a′M − a′N
−
c
(iω + σc)r2
−
ikc
iω + σc
∂
∂r
(
N −M
r
) +
b′c− ikb′cM + ikb′cN + S′′c
iω + σc
}. (14)
Thus the order of other fields can be obtained from Eq. (6), Eq. (7) and Eq. (8):
o(Er) = (M −N)o(Eφ)− Lσ, (15)
o(Bφ) =
ck′
ω
o(Er), (16)
o(Bz) =
c
r(iω + σc)
(o(Eφ)− iko(Er)). (17)
Thus presence of GW will create the peturbative field that finally will cause a perturbative electron’s
energy that can be obtained from Eq. (13).
4 Discussion and conclusions
As we pointed out, We decided to optimize our proposed apparatus, namely to find the best sensitivity
of the system to GW. The parameters that must be specified were: diameter of the pipe, length of
the pipe, potential difference between the rings and the pipe, the electrons density and axial magnetic
field (one can find angular frequency of the electrons by these parameters). Then, we try to determine
these parameters. First, we work in very low temperature to get rid of the unwanted electromagnetic
field namely noise. This situation has a additional advantage: with low temperature, we can sure the
Maxwellian distribution of the electrons velocity will sharply concentrate about its average value, and
thus, we can ignore the background radiation.
Second and third are the stability and confinement conditions. As we discussed earlier, stability
condition tell us that the permissible region is the the lower region of the fig 1, and the confinement
condition tell us the permissible region is the upper of the fig 2. Then the accepted region is the
region between fig 1 and fig 2. Although entire points of this region are acceptable but we would
like to bias our apparatus near the fig 2. Since we must prepare the system very sensitive, thus
the electrons energy level must be near the potential barrier, so that by a reasonable change due to
GW, the electrons get enough energy to pass the potential barrier. The stability condition and the
confinement condition can be joined as a single condition. Actually, if we draw angular frequency in
term of
2ω2
p
ω2
c
, we get the Fig-4 [5]. For a given argument, we have two angular velocities: fast mode ω+
and the slow mode ω−. These two modes will be equal at the
2ω2
p
ω2
c
= 1 (Brillouin flow).
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Figure 4: ”Rigid-rotor” equilibrium angular velocity for an unneutralized uniform density cloud of
electrons in a uniform magnetic field showing the fast, or axis-encircling, mode (upper branch) and
the slow, or drift (lower branch) as a function of charge density [5].
Now, the stability condition is equal to select one point of the Fig-4. When the electron have the
maximum velocity then the confinement in a sensitive situation is achieved. Thus we must bias the
electrons in the fast mode and in a little argument
2ω2
p
ω2
c
. As we can see from Fig-4, ω will be maximum
when
2ω2
p
ω2
c
is near the zero. The amount of
2ω2
p
ω2
c
(= 8pinmc
2
B2
) will be low if the B is very high and n is
very low. Thus in constructing such a system, we select the maximum accessible value for B and the
minimum feasible value for n. Being the ω maximum value, has an advantage. For a higher value
of the electron velocity, we can sure the energy level is far from the ground state of the potential
well, and then our classical calculation is reliable. Now, we discuss about the wave numbers and the
time frequency (not the rotational frequency) of the system. In general the wave numbers can be
determined from the system’s dimensions. The wave number along the φ is kφ =
2pi
2pinφ = nφ. If we
concentrate on the low n mode, then kφ = 1. Longitudinal wave number is equal to kz =
2pi
l
nz, where
l is the length of the pipe. Having longitudinal wave number, the angular frequency can be obtained
from the following dispersion relation:
(ka)2 =
ω2a2
c2
−
p2nν
1− ω2p/ω
2
, (18)
where a is radius of the pipe and pnν is the νth root of the nth-order Bessel’s function of the first kind
[5].
So far, we have obtained the wave numbers and frequency in term of dimensions of the system. Now,
according to what was said earlier, we choose for n a very low laboratory value such as n = 1010cm−3
and for B a very big laboratory value such as B = 103G. Then by adjusting the two far end potentials
we confine the electrons in the pipe. To avoid the unwanted factors in ultimately bad situation be not
able to pass electrons throw the potential barrier, we choose electron energy level for example 0.9 of
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Figure 5: Ratio of perturbed electron energy to potential barrier height in term of GW strength. This
ratio are obtained for the radius a = 10cm and the length l = 200cm
the potential height. Thus we must choose the following potential difference:
△φ =
1
2maω
2
r
0.9e
= 10−7volt. (19)
Now if the GW supplies the rest of the potential barrier, i.e, 0.1 then some electron may go outside
the rings and can be detected by a electron detector. Fig 5 show the perturbed energy in term of GW
strength.
As we can see from the fig 5, this happen for the value σ = 10−11. In fact our proposed apparatus
is successful detection device for such GW values.
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